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CTTIR AND TIC00-CFELD 0305 0F 4 CURTICR No. 71l4-1C2-12

FATR-BLADE PO TLILOn 0N THe WMEUBLTG =070 ATEPLAYZ

P11ob tests were made of a Curtiecs Yoo 71h-102-10
four-vlade proncller ~n a Herupblic P-o7C i:rplanc in
climD end a4t hicl sne g Tioe lono 1 flelien:y when
nower vas inerenced Poor normael to militacsr was found to

oo
he fron 5 to b merceone in climbs at an ladlcated siraovneed
i

cf” 1o wiloa per biour A Ioss was stfributed priaarily
to reductions pooeavicon Lilt-dras ralics resuloing Srom
ircroured ovora,'rni LUt creffinlonte,

1 ces in

T dl;Clane
v v . ! n : steadily to 10
cr 11 rercert At oo alirnleane Macshh namber o0 0.7, Theae
12333 were enzountisred wacnever the wronslier-tip Mach
nutbir excecdel CG.E3 ord the ““"rcil r effMiclency
decrensed «bt a vete »l atout 7 veresah 50 un increase
cf 0.1 in tip Joen naunter. st an o alrnleane acn numbel
of 0.7 anc ccaslent preovelicr rotstional specd the
rronaller ofllciency decrensed with a decrurse in power
pelowv rilitery power, In comparison with the officiencies

f

flight feats (& Wach namber of svproxi-
itely 0.5\ at tLe same advence-cdliamcter ratio, licwsver,
re compressivllity loss wvas reratively indevendent »f

bre tects irdicated that, by sultably increesiag the
¢ity and roducing the rotational speed, it may
ssible tn Imnrove Lie prureller efiliciceincy in botn
imb and hicrh-sveed operation.
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Military—yower rating cf engina:
glne speed, TIM « ¢ « ¢ o o e s e 0 0o« . . . 2700
”On tfold pressure, inches of mercury . . . . . . 52
Horsepower . . e e e e e e e e e e e e e e w2000
DrkticaL tltity Je, feet . . . + . . [lanprox.) 27,300

sorinal-power rating of englre:
Zngine s7€€d, LM o v o o o o s s s 4 e o o+ o« o« 2550
deLiOld vressure, lncnes of mercury .« o o« o . . 2
- o
HOYSEDOWET o « o & o o o o o o + s « o « « « o 1625
Critical altit.de, feet . « « . « . flapprox.) 92,300

pr &d wita the standard

The propellierr, as tested, was eju
im=~form curves are pres=nted

procuction cocling cufirs. Blac
in rigure L.

’*’5—‘

Prepelier thrust was measirea by tle silpstream
total-pressure survey netuod. Tor thnls purpcese two survey
rakes, connmcted Lo NAUA recording multiple menometers,
were mounted torlzontally on eitiivr side »f tre fuselage
at the rear of the encine soullas, as klmn in fipgure <.

A phiotorrann of the sivplans, poopellsr, and survey rakes

s prrgentad fg Jlgore o,

propeller borgue was measured with a standard

Pratt & uhL,ney torgue reter, to whicn was connected a
standad SAJA pressure recorder.  An indlcating pressure
age wer nourtsd in the cockpit for use by the pllot.
andard NAUA raecorcding instruments wore used to record
ngine sesoed, imnact pressure, static vressure, and free-
uiy terperature. Proneller blede zngle was measured
wlth a spzelsl KAUA spark-type bilsde-angle recorder.

Clinb tects.- Vith englne sprec, merifnld pressure,
and 1nuicated sirspeed sdjusted to the desired values,
short records on 11 instruments were teken at intervals
or 2000 fe-t as the ai.plsnc climbed frcem sea level to
altitude.

Climbs were made upder the rollowing concdltions:

(1) Militeaoy power gt normel ¢climbing irdizated alrspeed
of 1685 milce per hour

SoMiIDMNTTAL
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(2) Norral vower =t indicated alrspeed of 160 miles mer
hour

) Normal rower &t indicated ailrspeed of 165 mlles per
Four

(

N

The climb al milltary nower was terminuted ot the
relatively low ariitade of 25,000 feeh bsciure oo
insuflicient en'ne cnoliag indicated by nign cylinder-
head temperaturc

High-speed tests.- Each high-spsed ran was made at
values of engineé apesd, tovrgue, indicated alrspecd, an
nressure altitude selected te nroauce a desired combination
of values of girnlane Mach number, propellsr advance-
diameier ratlio, =ndé power coefficient. Because the air-
nlane was usuallr either climbing or diving during a run,
only engine srneed, torque, and alrspeed could be rixed.
These values werc therefors held constunt as the alrplane
nassed through tie desired altitude, when a short record
Wwas taken,

The low-spead runs (M = 0.3), used as & basls [or
determining the effects of comprecsibility, were made in
thie sapme manner as the high-speed runs.

REDUCTION 07 DATA

True alreneed, alrplane Mach number, and alr density
were nbtalned by standard reduction methods from the
recorded values of imouct nrecssure, static pressure, and
indlicated free-atr temnerature. Engine speed, torque,
and propellsr blade angle were recorded directly.

Proneller nower coefficlent was calculated by the
formula
£ e

Cp: P
pn<D?

Propeller-tlp Mach numoer was obtained from the
equation

=

My = MVﬁ + _q)a

AANTTDENTT AT



6 CONPTDENTTAL NACA ACR Yo. LLLJ7
Froopeller trru%t coelliciert was evalusted from the
messtrenents of slipstream total rprecsure by the method
describ:d in rbfareucr 1, which gives
o
i /p )/7
a _ O l)
- ( { APT (
. 2) o
it d\rs . \\~o
In order to ohtein tle nondimersional quantitles used in
trie present repcrt, ecguation (1, was reduced zs follcws:
aC .
- . e
M2 AN 2r2
d(xod) T c(rcé> + orD

are equal to the

tions
edvar
ef"ilcien
with cen
f'iguires L
tavble 1.

A

These

In . esch of the
clency witnn astitude
slieht initial incre
with altitucde. This
the operating 1i:
incresse with lncrcasing
rezicn; the flnal resvlt
drag ratios sana to lower the

=)

we
to rec:
a1lic

Compressibility effects
the climbs wnenever the prop
gbout 0,236, Thrust- braair
power and &an anlCd ed air
are presented in f{ljure
comnressibility at high
eflects of comprzssib
2J-1 to 20-=11, in

111ty
Q.LL\,h :
( 7{a) to T(

1
)) -

ooe

filgs. £

ereas under tile curves of dCT/g<x52)

of tlade anule,
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to decrea
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140 miles
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these effects of
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are below 0.55
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the right sicde »f the promeller disk for run 20-12

(fiz. 7(g)), in which the tip Yuch nunber has reached 0.86.
These effects continue to increace with tip Nach number.
Little or an evicdence of coupressibility loss exists on
tre left side o»f the nreveller Adick, probably because the
left side is less heavily loaded than the right sice

owing to inslination of the thrust axis to the air stream.
To tne extent, tnerefore, that the disk loud distribution
1a affected, the tip Much number at which comprescibility
effects first becore evident i1s influenced by tne airnlane
attitude with respect to the flight nath.

The term "compressibility effects" as used herein
means the effects shown by changes in the general shape
of the thrust-grqding)curvee, for exaﬁnle, the dip in
the curve between xg¢ = 0.0 and Xxg&= = 0.9 as measured
with the right survey rske in run 20-19 (fig. 7(n)). The
term does not include the effect that causes the grading
curves for beth the right ano left surveys)to approacn
zero at the tip at different values of xg<. This effect
i1s directly attributable to en unintentional yawed
attitnde of the a'rplane held during the run, which
causes the slipstream to be disvnlaced laterally at the
survey raxes.

[nsses in thrust due to compressibillty sare present
at the higher tiv lach numbers but no marked cdecrease In
erficiency sattributable to this cause i1s avparent. with
further increcases in altitude that result in higher
section 1ift coefliclents and ¥ach nuabers, liowever, 1t 1is
expected that thne losses would extend over an increasing
part »7 the disk area and that the effect on eflficlency
would Lecome signifl'icant. Corvpressibility losses can be
delaysd by reaucing the tip blade sangles. This reduction
would result in a transtfer or load to the inbourd sections,
which operate at lower Mach numbers sad can therefore
absorv the additional load withkout cerious compressibility
ef'ccta. The inbourd shift of load would slsc tend to
bring the blade 1lnading into closcer asreement with the
theoretically i1deal losad distribution lor a propeller
operating at low advance-diamcter ratiog; thus the
pnssinility of a reduction in induced losges exists. The
use nf this method is suggested only if partlcular emphasis
1s nut on climb performance, since large lcsses in efflclency
at high specd may result.

Since in the range of adveance-dlamcter ratio for
climb the propeller operates at nower coefficients greater

CONFIDENTIAL

7

gnd alirclune Yach nw:ber. The curv.s for the two runs
illastirate how comproescsloility losses may be reduced by
Cecrrusing the provaller rotational sveed ard thiereby

3
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than the velues Dor mariau, ef7.cilency, 15 18 generally
' ’ LJ
rechorrizad thav eltaer a »educt.on T nower coeflilclient

c
e

or &an inzressa n adva
n

nee -alam:ter ratlo o na2cessary to
increase eificicrney. These rpeplods are Llliustrated Ly
comparing tre ‘Ticteney ievels (&t bip wack nuabers
! i 4
Y b ~

YL v
below C.20) »of the 2lints
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'he ceffect of 1lauding on thie proveller ep“i*iency
at high sveed wus 1n"e°tl'ated Ly making a4 series oI runs
&t Jn airplane ¥ach number of about 0.7 and conctant
proneller svesd with verying onower, Trs results of tlhese
tests are compared in figure 1% witn tle results talken
from figure 3 of low-speed tests at the sume advencs-
diameter ratin and power coefficlents. The exirupnlated
roint in flgure 17 waes determined by firat extencling the

curve for the high-speed tests (Cp T 0.35, In 1Lour‘ e
to an airvlane }och number of 0.7 and wn wdvance- Alumeter

ratio of 2.6. The value of efficiency obinined was then
corrected to an advance-dlameter ratin of 2.7 by usling

the curve for the low-specd tests (CP 0.25) of

figure 2, As the power 1s reduced the proneller
ef''tctenny decrouses at both low and high speeds. The
comnreesipility ioss at high specd, az msasured by the
difference in hoph-speed and low—°3‘@ﬂ ef'icliency, appears
to be relstively inderendent of thE” and 1s about

10 to 1Y percent throughout the rangs investigated.

The erfect of compressibility is to reduce the 1ift
coefficient for meximum section efficiencyv as the critical
Vach number i1s exceeded. A decrease in power would,
cons=quently, be exnected to cause a reduction in
comnressi»ility loss., In this case, lowever, sonme
sections of the uronsller are apnarently oncrating at
approximately maximun efficiency and some, at 11ft coefl-
ficients above those for maximum efficlency. Under such
circumstances a reduction in power would result in a
decrease in efficiency of sore scctinns and an lmprovement
in e¢fficicney in others; tre over-all effsct would be
only a small change in comwressibility loss. Flgure 1l
shows that the tip sectlions are operating at highest
cf'ficiency at high oower, since as tho power 1s reduced
the tip sectiona vroduce a decrcasing amount of thrust
in comnariscn with the inboard scctions. Some gelin in
hi¢ h—si-ﬁi cfficiency could nrobably be obtained by an
ad justment in load distribution.
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CONCTISIONS

tics “lo. 714-1C2-1z
e i

_ r ol
blacde prepellcer 5>n a Reovublic T-47C a2irnlans ic
1 r ~
£ f )

11—
wGicuted

1. TIn 2linb: et an indicatzd airstecd of 165 miles
prr b, from 5oin & sercens was lost In eflicleacy by
inerees:ng from nornel o millitary prow?r, orirarily
scewuse of Ere reductlous In section xift—drag ratio that
reoulted from incroucsed operatinz 1Lift coctliclents.

2, with it litary nower, lvsscs in efficiency cdue
A eoismresstt 11t clested ah wroailruliane Jach nrunber
140 tuwr QL oresoal stct‘il,, end reached 10
dratune Moch nunber of v.Y. Compressi-

t 2
1z2yc
T\ 1] IR CE
b ; e

vhenever the proveller-tin
O, ars too rropeller
to of wbout 7 vercent fcr an

2 Mecn runbeor of 0.7, a reduction
Tl ernzine powver booiovw omilitbary powver reavlted inoa lower
el (

prewmellor elficiency, bt the lcas in ell'icicney due
compressitility (Looed ol low-spoed tezita 2% a eorreo-
]

5
a2 advarce-d ermetor ratic) wae rzletively Indevendent

Il T'y suitably increasing tne rolicity and reducing

the rotoational soced, an iwndrovesent in tle propeller
efficieucy in both ¢liab and hLign-sreed onceration muy bde
opoassible

1 Aercnautical Leboratory
cvisory Conmittee tor Aeronautics
ey Micldt, Va,

LU IRAVCE

1, Vosolew, oo w.e 1okt YMeasurerents of Compressi-
0'1ity Efifecte on & [hwee-3loce Yhin Slurk Y
Pronsllier oncrating at Conatont advancoe-Dlameter
Tatis end Glsce angle. BACA ACK Lo. 3012, 1ul3.
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TABLE I
FLIGHT DATA OBTAINED FROM CLIMB TESTS OF

CURTISS NO. 714-1C2-12 FOUR-BLADE PROPELLER

12

n

Pig Run J Cp Crp 7 (rps) ) 'A ¥ o (dfg)
29-1 |0.9410.146]0.12210.78%3]22.52[0.233{0.812(0.923|26.6
ﬁ 23-2 .3 179 (139 .;58 22.25 2Lof .818 .ng 28.4
I 29- .99 { .187 .135 .76L122.62) .26 .823| .805]28.9
L 29-3 1.02] .200{ .151} .768122.1dy| .255| .825] .756 29.g

L 29-5 [1.05] .212| .15L4| .761}22.50| .26 .8 .7091{ 30.
L 29-6 [1.08] .230| .160| .750}22. .agu BL5| .662]|31.6
L 29-5 1.12] .238| .162} .758}22.37{ .28L4! .850| .629]32.4
L 29-8 |1.13] .253] .165] .736|22.54] .290} .869| .592 5ﬁ.5
L 29-9 [1.19| .273| .171| .7ukf22.49| .306| .865| .553|34.3
L 29-10(1.22| .289} .178 .743 22.61| .320| .882 12]39.2
L 29-1141.26 | .202| .179| .74L8l22.49| .33L .896 .483 36.2
5, 7(a)}20-1 | 94| .14o} .116| .779(21.21| .223| .782| .96 26.2

5 20-2 | .99 .150) .121| .798|21.29| .237| .790 .go zg.
5, 7(b){ 20-3 |1.00| .165 .132 .799121.36| 240} .793| .82B|28.6
5 20-4 {1.06] .191| .146| .810}21.20| .29L4| .792| .775]30.2
5, 7(e¢)}20-5 [1.08] .1B9| .1L40 .598 21.52| .263 | .812| .731]|30.4
5 20-6 [1.09| .195| .143| .802 21.78 .2;1 828 .692{31.1
5, 7(a){ 20-7 |1.15{ .213} .150| .806]21.L49} .28L| .825| .6L8]|32.2
5 20-8 |1.17} .228} .156) .799{21.50| .290| .833| .610 32.3

5, 7(e)] 20-9 {1.20} .240 .153 .790}21.7L | .302] .849| .566]33.
5 20-10|1.26| .261} .168} .813])21.52| .317| .852| .528|3L.8
5, 7(f)| 20-1111.28} .272} .1681 .791|21.43| .323] .852] .506|35.8
5, 7(g)] 20-12}1.36} .30 .1&8 .59, 21.&3 3he| .861| .L67]37.0
5 20-13|1.5,1] .31 .183 | .80B|21. .3571 874 .L24137.8
5 20-1 1.&% .3371 .185| .786 21.23 .370} .891 .5gg ﬁ9'1
5, 7(h)]20-15)1.46 1 .36 .186] .787|21. .3881 .920| .3 0.0
é 18-1 |1.00 .1hg .118| .816{21.25] .237| .780} .9 25.2
6 18-2 {1.01| .158( .126] .809(21.27| .2L1}| .788| .889]28.0
6 18-3 {1,071} .171| .133! .838{21.16] .254| .786| .832{29.0
6 18-4 {1.11} .1 % '1ﬁ7 .820{21.36| .26L| .79L4] .76L]|3%0.2
6 13-5 {1.15| .196{ .15 | .B47{21.22] .27L .59 .726|3%0.7
6 18-€ {1.16] .205| .149| .8L45/21.53| .283| .818] .683|31.6
6 18-7 11.20] .220] .153| .833(21.50( .294| .825] .6L5|32.4
é 18- 1.2% 237 .156| .B819|21.43| .305] .83%| .60L|33.7
6 18-9 |1.28] .252} .163| .822]21.45} .317| .8L3| .565 53.&
6 18-10(1.32| .269| .168| .822{21.37] . aﬁ .851) .531}/35.3
6 18-1111.34 | .279} .170| .819|21.60] .3 871 499} 36.2
6 18-12 1.37 2961 .176| .811)21.48} .350| .875| .4L70 5;.2
é 18-13{1.42| .320] .178 .g91 21.51| .368| .882} .438]138.3
6 18-14{1.48 ] .322| .181{ .808}21.58| .38%| .922] .LO7]|39.2
6 18-195 1.5% .366 .131 .801 21.%0 405] .922 ;583 Eo.u
é 18-16|1.56| .2379| .186| .764|21.65} .L20]| .952] .357]41.2

NATIONAL ADVISORY
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TABLE IT

FLIGHT DATA OBTAINED FROM HIGH-SPEED TESTS OF

CURTISS NO. T1ll-1C2-12 FOUR-BLADE PROPELLER

Mg. {Run J Cp Cp n (rgs) M Mg o (dfg)
11(a) |24-6 }1.59 |0.34310.171(0.792}22.62]0.431]|0.952 J0.416{39.8
11(b) [24-5 f1.84 ] .3L7| .151f .801|22.47| .L95| .979 | .Li6|L1.L
11(c) [24=1 }2.08) .3521 .134| .786|22.4 | .557|1.009 | .L18{4L.1
11(4) [2h=2 {2.21| .351] .121{ .759|22.46] .594{1.035 | .L22]|L45.3
11(e) |23 |2.45| .358] .107| .735(22.30| .655(1.064 | .L22]47.5
11(f) |24=l |2.47| .346]| .099 | .708|22.L48| .666(1.077 | .L32[4T7.9
14 (a){17-1 2.69 AL 021 .395(22.62) .711]1.092 | .576]--=~
----- 17-2 |2.77| .151}) .026| .482]22.08| .712[1.075| .560|~~~-
----- 17-3 |2.70| .16L4| .030] .500]|22.32]| .702{1.079 | .575|-=--
(b)) (174 |2.73]| .176( .031| .L476]22.20] .706|1.077 | .569|-==-
----- 17-5 {2.751 .204| .ou0| .543}22.03{ .705/1.069 | .557|-~--
----- 18-17{2.68| .216| .051} .636|22.30{ .701]1.078 | .539{L7.8
4(c)|18-18}2.67| .221| .oL6}| .557(22.28] .693|1.070| .545|LT7.8
----- 20-18{2.58| .256| .060| .609|23.31] .699(1.100| .551|L47.2
14(d) |21~-9 [2.68]| .282] .071| .672]22.42] .695(1.071] .S541|----
----- 21-10|2.55| .290| .080 | .704}22.45} .662|1.047| .521|-=--=
----- 21-11]2.32{ .292| .096 | .758{22.47] .604{1.015| .523|----
-----|21-12]2.14 | .291| .108 | .797|22.L1| .554| .98L | .527|----
----- 21-1311.95| .295f .122| .803|22.49| .508] .960| .515]|---~
12 12-1 |2.54| .330| .109 | .8L42{17.81 .505| .803{ .716}-=--

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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